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Wherever possible in Elektor
circuits, transistors and diodes are
simply marked ‘TUP’, “TUN’,
‘DUG’ or ‘DUS’. This indicates
that a large group of similar devices
can be used without detriment to
the performance of the circuit.

As far as possible, the circuits in Elektor
are designed so that they can be built
with standard components that most
retailers will have in stock.

It is well-known that there are many
general purpose diodes and low fre-
quency transistors with different type
numbers but very similar technical
specifications. The difference between
the various types is often little more
than their shape. This family of semi-
conductors is referred to in the various
articles by the following abbreviations:
TUP = Transistor, Universal PNP,

TUN = Transistor, Universal NPN,

DUG = Diode, Universal Germanium,

DUS = Diode, Universal Silicon.

TUP, TUN, DUG and DUS have to meet
certain minimum specifications — they
are not just ‘any old transistor’ or ‘any
old germanium diode’. . . .The minimum
specifications are listed in tables la and
1b. It is always possible, of course, to use
a transistor with better specifications
than those listed!

Specifications and equivalents

A number of transistor types that meet
the TUN specifications are listed in
table 2. This list is, of course, incomplete
— there are many more possible types.

Table 3 lists a number of possibilities for
use as TUP, while table 4 gives equival-
ents for DUG and DUS.

A further group of better quality tran-
sistors are the BC107 - BC108 - BC109
(NPN) and BC177 - BC178 - BC179
(PNP) families. The minimum specifica-
tions are listed in table 5, while table 6
gives a list of equivalents. As will be
obvious from the specifications, the
main differences between the types are
that the BC107/BC177 are higher volt-
age types (Vceo = 45 volts) and the
BC 109/BC179 are low-noise. If these
differences are not important in a par-
ticular circuit, the various types are
interchangeable.

The code letters A, B or C after the type
number on these transistors denote
various current amplification factors.
For the A-types this is from 125 to 260,
for the B-types it is 240 to 500 and for
the C-types 450 to 900. A BC109C is
therefore not a direct equivalent for a
BC109B, for instance, although in many
practical circuits it will make little or no
difference.

Whern using the equivalent types BC167,
-168,-169,BC257,-258,-259 or BC467,
-468, -469 it should be noted that the
base, emitter and collector leads are in
a different order (see table 6).

elektor shorthand

From various enquiries it has become clear that some ot our readers feel
that they have been plunged in at the deep end. Elektor’s ‘shorthand’
style of symbols and conventions seems to have led to some confusion,
in spite of our efforts to the contrary, so some further explanation seems

to be called for.

Resistor and capacitor codes
When giving the values of resistors and
capacitors, decimal points and large
numbers of zeros are avoided as far as
possible. To this end, extensive use is
made of the international abbreviations:
p (pico-) = 107'2= one millionth of
one millionth;
n (nano-) = 107° = one thousandth
of one millionth;

M (micro-) = 107% = one millionth;

m (milli-) = 10;3 = one thousandth;

E = 107 = unity;

k (kilo-) = 102 = one thousand
times;

M (mega-) = 10° = one million
times;

G (giga-) = 10° = one thousand
million  times;

Furthermore, the symbols §2 (ohm) and
F (farad) are usually omitted, since it is
normal practice to state resistance values
in ohms and capacitance values in farads.
Finally, the decimal point is usually re-
placed by one of the abbreviations (p, n,
M . . .) listed above (This has also been
accepted practice for some years).

A few examples may serve to clarify all

this:

Resistance value 2k7: this is 2.7 k§2, or
2700 2.

Resistance value 470: this is 470 2.

Resistance value 3M9: this is 3.9 M2, or
3,900,000 £2.

Capacitance value 4p7: this is 4.7 pF, or
0.0000000000047 F . ..

Capacitance value 100 u: this is 100 uF.

Capacitance value 4700 u: this is

4700 uF, and could have been written
as 4m7 — but never is.

Capacitance value 10 n: this is 10 nF,
and is also sometimes written (but
not in elektor!) as 10,000 pF or
0.01 uF; or even as 10 kpF (10 kilo-
pico-Farad), which is a horrible con-
fusion of symbols. In the same way
one sometimes finds puF (micro-
micro-Farad) instead of pF.

Semiconductor type numbers

Very often, alarge number of equivalent
types for one integrated circuit exist
with different type numbers. On closer
examination, a group of digits are often
found to be identical, but they are pre-
or suffixed with letters and digits which
denote the manufacturer. As an example,
a popular op-amp is variously denoted
as uA741, LM741, L741, MC1741,
MIC741, RM741, SN72741 or ZLD741,
to name a few. To cut through this
confusion, this IC is referred to in elektor
as a ‘741’ — which means that we
couldn’t care less who makes it, provided
it meets the specifications. . .
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Table 6. Various equivalents for the BC107,
-108, . . . families. The data are those given by
the Pro-Electron standard; individual manu-
facturers will sometimes give better specifi-

cations for their own products.

type Uceo lc hfe Ptot fT
max max min. max min.
TUN NPN 20V 100 mA 100 100 mW 100 MHz
TUP PNP 20V 100 mA 100 100 mW 100 MHz
Table 1a. Minimum specifications for TUP and
TUN.
Table 1b. Minimum specifications for DUS and
DUG.
type UR IF IR Ptot Cp
max max max max max
DUS Si 25V 100 mA 1 A 250 mwW 5 pF
DUG Ge 20V 35 mA 100 uA 250 mW 10 pF

Table 2. Various transistor types that meet the
TUN specifications.

Table 4. Various diodes that meet the DUS or
DUG specifications.

TUN

BC 107 BC 208 BC 384
BC 108 BC 209 BC 407
BC 109 BC 237 BC 408
BC 147 BC 238 BC 409
BC 148 BC 239 BC 413
BC 149 BC 317 BC 414
BC 171 BC 318 BC 547
BC 172 BC 319 BC 548
BC 173 BC 347 BC 549
BC 182 BC 348 BC 582
BC 183 BC 349 BC 583
BC 184 BC 382 BC 584
BC 207 BC 383

Table 3. Various transistor types that meet the
TUP specifications.

TUP

BC 157 BC 253 BC 352
BC 158 BC 261 BC 415
BC 177 BC 262 BC 416
BC 178 BC 263 BC 417
BC 204 BC 307 BC 418
BC 205 BC 308 BC 419
BC 206 BC 309 BC 512
BC 212 BC 320 BC 513
BC 213 BC 321 BC 514
BC 214 BC 322 BC 557
BC 251 BC 350 BC 558
BC 252 BC 351 BC 559

THr
KBARE:

TN
LR

DUS DUG
BA 127 BA 318 OA 85
BA 217 BAX13 OA 9N
BA 218 BAY 61 OA 95
BA 221 TN914 AA 116
BA 222 1N4148
BA 317
Table 5. Minimum specifications for the
BC107, -108, -109 and BC177, -178, -179
families (according to the Pro-Electron
standard). Note that the BC179 does not
necessarily meet the TUP specification
(|¢:,max =50 mA).
NPN PNP
BC 107 BC 177
BC 108 BC 178
BC 109 BC 179
Vceo 45V 45V
max 20V 25V
20V 20V
Vebo 6V 5V
i 5V 5V
5V 5V
le 100 mA 100 mA
Es 100 mA 100 mA
100 mA 50 mA
Ptot. 300 mwW 300 mw
max 300 mW 300 mw
300 mW 300 mW
fr 150 MHz 130 MHz
. 150 MHz 130 MHz
150 MHz 130 MHz
F 10dB 10dB
RER 10dB 10dB
4 dB 4 dB

The letters after the type number

A: a: (B, hte)
B: a
c: d

denote the current gain:

125-260
240-500
450-900.

NPN PNP Case Remarks
BC 107 | BC 177 <
BC 108 | BC 178 @
BC 109 | BC 179 :
BC 147 | BC 157 - Pmax =
BC 148 | BC 158 @ 250 mW
BC 149 | BC 159 :
BC 207 | BC 204 <
BC 208 | BC 205 @
8C 209 | BC 206 :
BC 237 | BC 307 g
BC 238 | BC 308 @
BC 239 | BC 309 e
BC 317 | BC 320
5 lemax =
BC 318 | BC 321 8
: 150 mA
BC 319 | BC 322 @ m
BC 347 | BC 350 (
BC 348 | BC 351 @7
BC 349 | BC 352
BC 407 | BC 417 : Pmax =
BC 408 | BC 418 ~ 250 mW
BC 409 | BC 419 T e
BC 547 | BC 557 ~ |Pmax =
BCs48 | BC5s8 | (G): 500 mW
BC 549 | BC 559
BC 167 | BC 257 @ 169/259
BC 168 | BC 258 @ ' lemax =
BC 169 | BC 259 g 50 mA
BC 171 | BC 251 ~ |251...253
BC 172 | BC 252 “@‘ low noise
BC 173 | BC 253
BC 182 | BC 212 lermay =
BC 183 | BC 213 | () SO0 A
BC 184 | BC 214
BC 582 | BC 512 lermay =
BC 583 | BC 513 @ T500 mA
BC 584 | BC 514
BC 414 | BC 416 ) low noise
BC 414 | BC 416 @
BC 414 | BC 416
low noise
BC 413 | BC 415 @
BC 413 | BC 415 |
BC 382
BC 383 @
BC 384
BC 437 ‘ Pmax =
BC 438 E] 220 mW
BC 439
BC 467 . @|Pmax =
BC 468 E] ' 220 mW
BC 469 b
BC 261 ‘ low noise
ARG
BC 263 i
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tester

This tester gives an instant check of the ‘general health’ of a transistor, as
well as its compliance with the minimum TUP or TUN specification, by
the very simple procedure of plugging it into test sockets and interpreting
the messages from two light-emitting diodes. It is also possible to check
diodes for excessive capacity or leakage.

The principle of operation is simple and
no preliminary calibration is needed —
only the use of transistors and diodes
known to be ‘good’ and resistors within
the specified tolerance.

An astable multivibrator generates a
square wave at a frequency of about
2 kHz, and this oscillation is turned on
and off by another multivibrator at
about 2 Hz. The collector-emitter path
of the transistor under test (or the
anode-cathode path of the diode) is
connected in series with another transis-
tor across the supply rails, and the inter-

mittent 2 kHz square wave is fed in anti-
phase to the bases of each of the two
transistors. Figure 1 shows a block dia-
gram of the arrangement, from which a
lot of information about the semi-
conductor under test can be deduced
from the ‘behaviour’, voltage-wise, of
the junction between the two semi-
conductors. This information can be
displayed with the aid of only two light-
emitting diodes (LEDs).

Circuit Description
Figure 2 shows the complete circuit,

which has been divided into three sec-
tions to avoid confusion. Transistors T5
and T6 in figure 2a form an astable
multivibrator which runs at about 2 kHz.
T2 and T3 form another multivibrator
which runs at a much lower speed, about
2 Hz, and turns the ‘fast’ (2 kHz) oscil-
lator on and off through transistor T4,
which also supplies a 2 Hz switching
waveform, via connection ‘Q’, to the dis-
play section T7 ... T9 and LEDs ‘A’ and
‘B’ (figure 2c). A similar 2 Hz switching
waveform, in antiphase to the one which
appears at ‘Q’, is supplied to the display
section by T1 via ‘P’. As will be seen
later, these switching waveforms are
needed to enable an unambiguous display
to be obtained from two LEDs only.

An optional third LED (shown in the
circuit as LED ‘C’) can be connected in
series with the 680 {2 resistor R9 be-
tween ‘Q’ and supply negative. This will
give a partial test of the tester itself by
blinking in step with the slow oscillator
if this is functioning.

2 kHz square waves of equal amplitude
and opposite polarity are produced inter-
mittently at the collectors of TS5 and T6.
These two points, which drive the whole
of the test circuitry, are marked ‘X’ and
Y’ respectively. When the fast oscillator
is turned off, TS5 is cut off and its
collector (‘X’) is at its higher potential.
The left-hand half of figure 2b is the
section in which PNP-transistors are
tested. It has been shown that 2 kHz
square waves of equal amplitude and
opposite polarity are being injected
intermittently at ‘X’ and Y’.

Display

Assume that a (good) PNP transistor is
plugged in at the test point TA in fig-
ure 2b. When the fast oscillator is off,
‘X’ is positive and ‘Y’ is negative. (The
terms ‘positive’ and ‘negative’ are used
to denote the higher and lower potentials
taken up by various points in the circuit).
Both the transistor T10 and the transis-
tor TA under test are therefore cut off,
and the connection joining the collectors
of T10and T is floating. The diode D10
does not pass any current and the
Darlington pair T11 and T12 is cut off.
Figures 2b and 2c¢ show that the collector
of T12 is one of the points connected
to the base of T9 (point A). When T12
is cut off, ‘A’ is positive and T9 is there-
fore also cut off. LED ‘B’, which is in
the collector lead of T9, is therefore off,
and the collector of T9 is negative.

To find what LED ‘A’ is doing, the
other switching waveforms, derived from
the slow oscillator via ‘P” and ‘Q’, must
now be examined. To switch the fast
oscillator off, ‘Q> must be negative;
therefore ‘P’ is positive. T7 is connected
to ‘P’, so T7 can conduct if its base re-
ceives a positive drive from the collector
of T9 via R19.

In the situation now under consider-
ation, however, the collector of T9 is
negative and T7 does not pass current.
T8 is also returned to the negative rail
through LED ‘A’, but ‘Q’ is negative so
LED ‘A’ stays off.

Recapping at this stage; with a good
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transistor and when the fast oscillator

is turned off, both LEDs are off.

It has been seen that the three points

which determine the LED display are

‘A’, ‘P’ and ‘Q’. The basic relationship is

as follows:

1. When ‘P’ is positive (i.e. the fast oscil-
lator is turned off), LED ‘A’ will
light up if the base of NPN transis-
tor T7 is driven positively from the
collector of T9.

2. When ‘Q’ is positive (i.e. the fast
oscillator is turned on), LED ‘A’ will
light up if the base of PNP transis-
tor T8 is driven negatively from the
collector of T9.

3. LED ‘B’ lights up when the collector
of T9 is positive, irrespective of
whether ‘P’ or ‘Q’ is positive.

4. When ‘A’ is negative, the collector of
T9 is positive.

These relationships can be combined
in a kind of truth table which will help
in predicting the display for transis-
tors or diodes in different states of
health. They are also summarised, in a
slightly different form,in figure3a+b.

FAST ‘A’ LED LED
OSCILLATOR | SWINGS | A B
TURNED

Off positive | Off Off
Off negative | On On
On positive | On Off
On negative | Off On

What happens during the bursts when
the fast oscillator is turned on?

‘X’ and ‘Y’ are being swung alternately
positive and negative with opposite po-
larities at 2 kHz. When ‘X’ swings positive
and ‘Y’ swings negative, the same reason-
ing which was applied to the situation
when the fast oscillator is turned off will
indicate that ‘A’ swings positive and
LED ‘B’ is off. In this case, however, the
fast oscillator is turned on (‘Q’ is there-
fore positive) and LED ‘A’ lights up.
When ‘X’ swings negative and Y’ swings
positive, it will be seen from figure 2b
that both T10 and the transistor under
test in T are turned on. The emitter of
Ta is directly connected to supply
positive, while the emitter of T10 is con-
nected to supply negative through the
470 Q resistor R28. If the current
gain of Tp is high enough, the potential
at the collector of Tp will move positive-
ly, D10 will conduct and the base of T11
will also move positively. (This will be
discussed in more detail later.) The
emitter of T12, the other transistor in
the Darlington pair, is held by R30 and
R31 at half the supply rail potential, so
T12 is turned on; its collector potential
(point ‘A’) swings negative and, as can
be seen from the table, LED ‘B’ lights
up and LED ‘A’ is off.

So the LED display while the fast oscil-
lator is turned on and the transistor is a
‘good’ one is that ‘A’ and ‘B’ each come
on during alternate half-cycles of the
2 kHz oscillation. Both LEDs therefore
appear to be on during each 2 kHz burst,
and it has already been seen that both
are off while the fast oscillation is turned
off.

2 Hz 2 kHz
T2737T4 1576

| 2 %

Display

T1.77.78.79
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D1..D13=DUS

Figure 1. Block diagram of the arrangement
for testing a PNP transistor. For clarity, the
breakdown voltage test and the complemen-
tary test for an NPN transistor have been
omitted.

Figure 2. Complete circuit of the TUP/TUN
tester. Block A is the collector section, B con -
tains the test bridges for NPN and PNP transis-
tors and C shows the breakdown voltage testing
and display sections.

The full display cycle for a ‘good’ tran-
sistor is that both LEDs blink on and off
together (figure 3c). It will be seen later
that this display occurs only with a
transistor which is good according to all
the criteria that are tested in socket Tx.

Transistor with low current gain
(')

When the fast oscillator is turned off,
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‘X’ swings positive and Y’ swings nega-
tive, so both T10 and the transistor under
test in Tp are cut off. Their commoned
collectors are floating, and by the same
sequence of events as described for a
good transistor, the voltage at the col-
lector of T9 is low and LED ‘B’ is off. It
can be deduced from the table that this
combination of switching voltages leads
to LED ‘A’ also being off.

When the fast oscillator comes on and
swings ‘X’ and ‘Y’ negative and positive
respectively, T10 and Ty are both turned
on. The potential at the base of T10 is
therefore determined by the potentio-
meter R15 (figure 1a), R26 and R27, i.e.

33

X77+120+33 2V

20

The base-emitter voltage drop in T10 will
be about 0.7 V, so the voltage at the
emitter of TI10 cannot rise above
4.2V — 0.7V =3.5V.TI0 is therefore
acting as a current source, its collector
current being stabilised at the value
determined by this latter voltage and the
emitter resistor R28, i.e.

3.5 x 1000
470 ™

As the emitter of Tp is directly con-

A~7.4mA

nected to the positive supply rail, its’

base current is determined by the voltage
(about 19 V) between ‘X’ and the posi-
tive rail, and by R25, i.e.

18 x 10°

270 x 103 AT 70 LA
(the base-emitter resistance can be dis-
regarded in this context).
It has been mentioned that T10 acts as a
current source attempting to stabilise the
collector current through both transis-
tors at 7.4 mA, which corresponds to a
current gain of something over 100 for
the transistor under test. If Tp cannot
produce this current, T6 bottoms and
the voltage at the connected collectors
of Tp and T10 becomes too low for T11
and T12 to be turned on (figure 3d). So
the potential at ‘A’ remains positive and
LED ‘B’ stays off. The table will show
that LED ‘A’ comes on.
When the fast oscillator swings to its
other polarity (i.e. ‘X’ swings positive
and ‘Y’ swings negative) the linked col-
lectors of Tp and T10 revert to the float-
ing condition, so that the Darlington
pair T11 and T12 remains non-conduc-
tive and ‘A’ positive. LED ‘B’ therefore
stays off and LED ‘A’ stays on.
Summarising: the LED display with a
transistor of low current gain is that
LED ‘A’ blinks and LED ‘B’ stays on.

Transistor with high capacitances

When the fast oscillator is turned off,
the situation is the same as in both the
cases already examined: T10 and the
transistor under test are both cut off,
and this leads to LED ‘A’ and LED ‘B’

3

DISPLAY
a. Fast oscillator_On/Off
. potential at@
b. Display mode, depending | 20V &= > =
on potential at D10 10v{7 P87/ BO .
anode ovINAONNBO NN
A B

. Good transistor

o

NIV
=

Ay
~

N
~

d.a <100

Ay
\O/

e1. Capacitances, C¢cp or
Cce, much too high

e2. Capacitances, Ccp or
Cce, just too high

f. Leakage > 1 uA

v,
o=
S| @

vy

g. Base-emitter short

h. Collector-base or )
collector-emitter short;
or PNP/NPN reversed

T T
>I§ :|
Q| |I
L b
@l | P
Sl AN
A 1L
¢ @@

i. Leak +lowa’

= off

O =blinks dimly

= blinks
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both being off. When the fast oscillator
comes on and swings ‘X’ negatively and
‘Y’ positively, both transistors are turned
on, but if Tp has high collector-to-base
(Cep) and/or collector-to-emitter (Cge)
capacitance, its response is delayed. The
voltage rise at its collector is slowed
down as these capacitances discharge,
but the voltage will probably level off at
its “final’ value before the end of the
period in which Tp is turned on, and
when this happens LED ‘B’ comes on
while LED ‘A’ stays off (figure 3e).
When, however, Tp and T10 are once
more turned off by the swings at ‘X’ and
‘Y’, the capacitances can recharge only
through the Darlington pair T11 and T12
(which has, by definition, a high input
impedance) and through the 10 M re-
sistor R29. The drop in potential at the
collector of Tp, as the capacitances
recharge, is slower than it would be with
a normal transistor, and if the capaci-
tances are too large the potential will not
fall far enough to turn T11 off (and
therefore LED ‘A’ on and LED ‘B’ off)
before the time when T and T10 are
turned on once again. So LED ‘B’ will
stay on, and LED ‘A’ off, throughout
each period when the fast oscillator is
turned on.

With  slightly smaller capacitances,
LED ‘A’ may come on dimly if the slow
recharge of excess capacitance only
allows this LED to turn on for a small

Figure 3. Summary of LED displays, based
on the waveforms at the collector of the
transistor under test.

Figure 4. Transistor testing chart, showing what
the various displays signify. This chart is
derived from figure 3.

Figure 5. Transistor (or diode) breakdown test
chart.

Figure 6. The conduction test for diodes, in
the ‘PNP’ test socket, is shown in figure 6A.
The leakage test for diodes is shown in
figure 6B.

Figure 7. Tests to test the tester.
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b
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b

9076-6A

-
~

\CI)/
/N
Ay

~
-

or Cee

Leak > 10 uA + very low o' + large Cch

MEANING

Ccb or Cce ~ 20p

A/

Sle

DISPLAY
LED A LEDB
D @

Blocks satisfactorily
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7 TEST APPLIED DISPLAY
5 LED A LED B
DISPLAY MEANING X
1. Nothing plugged into any test socket :O .
LED A LED B 77

Good (Breakdown voltage > 20 V)

shorted in Tp or Tg.

2. Base and collector or emitter and collector sockets N

Fail (or connections reversed)

3. PNP or NPN transistor known to be good, correctly ~
plugged into TA or Tg as applicable B

Key to display as for figure 4.
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4. As previous test, but with a 22 p capacitor connected
from collector to base or emitter

section

5. Emitter and base leads of a PNP or NPN transistor

known to be good connected to the collector and ® e /.
emitter sockets of T¢ or Tp, whichever is appropriate; -O - O_
B B ~
/ o
|

i.e. reverse-diode check of breakdown voltage testing

Key to display as for figure 4
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part of each fast-oscillator cycle.
Summarising again: the display for high
capacitance is that LED ‘B’ blinks on
and off while LED ‘A’ remains off or
blinks dimly.

Transistor with high leakage

A transistor with high leakage current
tends to behave, from the tester’s point
of view, as though it were turned on all
the time. In all the cases examined so far,
no collector current flows in the transis-
tor under test while the fast oscillator
is turned off. If, however, there is a
leakage current between collector and

emitter, this will flow through D10 and
R29 to the negative rail even when ‘X’ is
positive and both Tp and T10 are sup-
posed to be cut off. This leakage current
develops a voltage across the 10 M{2 re-
sistor R29, and therefore raises the
potential at the base of T11.

It will be recalled that the emitter of T12
is held at half the supply voltage (i.e. at
about 10volts) by the potentio-
meter R30 and R31. So if the leakage
current is a little more than 1 pA, it will
build up a voltage sufficient to turn on
T11 and T12 and thus light up LED ‘A’
and LED ‘B’ while the fast oscillator is

off. When the fast oscillator is turned
on and the display transistors are
switched through ‘P’ and ‘Q’, LED ‘B’
stays on but LED ‘A’ goes out (figure 3f).
So with a transistor having a leakage
current of 1 uA or more, LED ‘B’ stays
on and LED ‘A’ flashes.

Transistor with base and collector
or emitter and collector short-
circuited

A transistor with one of these faults
‘looks like’ one with high leakage (only
more so). A current can flow from the
positive rail through the emitter-base
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junction and the base-collector short in
Ta (or directly through the emitter-
collector short), through D10, and
through the 10 M{2-resistor R29. It has
been shown that a leakage current as low
as 1 gA can turn on T11 and T12 and
therefore make LED ‘B’ light up and
LED ‘A’ go out while the fast oscillator
is on. When the fast oscillator is off,
LED ‘A’ lights up and ‘B’ stays on. So the
display with base and collector or emitter
and collector short-circuited is that
LED ‘B’ stays on all the time, and
LED ‘A’ blinks on and off (figure 3h).

Transistor with base and emitter
short-circuited

When the base and emitter are short-
circuited, no ‘normal’ base current can
flow, and therefore there is no collector
current. So the transistor ‘looks like” one
with zero o/, and the LED display is the
same: i.e. LED ‘A’ blinks and LED ‘B’
stays off (figure 3g).

Combined leak and low current
gain or combined leak and base-
emitter short

While the fast oscillator is off, the display
is the same as for a leaky transistor:
both LED ‘A’ and LED ‘B’ are on.
When the fast oscillator is on and
is turning T 5 and T10 off, the leakage cur
rent holds the collectors of Tp and T10
high enough in potential to turn on T11,
resulting in LED ‘A’ being off and
LED ‘B’ being on. When the fast oscil-
lator turns Tp and T10 on, the low
current gain of Tp allows T10 to ‘over-
come’ both the leakage current and the

Figure 8. Alternative power supply arrange-
ments, depending on the components one can
obtain.

Figure 9. The p.c.b. and component layout
for the TUP/TUN tester. Three alternative
layouts are given, corresponding to the three
power supply arrangements.

collector current (if any) in Tp and pull
down the potential of the commoned
collectors, whereupon LED ‘A’ comes
on and LED ‘B’ goes off. This alternate
lighting up of LED ‘A’ and LED ‘B’ is at
the speed of the fast oscillator, and both
LEDs stay on while the fast oscillator is
turned off, so we have a display cycle
in which both LEDs appear to be on
continuously (figure 3i).

Other combinations of Faults

It would not be a very profitable
exercise to list the LED displays with all
possible combinations of faults, but it
can be said that only a transistor which
is ‘sound in wind and limb’ according to
all the test criteria will give the ‘good
transistor’ display in both test sockets.

PNP and NPN transistors

The foregoing descriptions apply to
PNP transistors. They also hold good,
mutatis mutandis, for NPN transistors
plugged into test socket Tg, which ap-
pears on the right-hand side of figure 2b.
The functions performed by T10, T11
and T12 and associated components for
PNP transistors are performed by T13,
T14 and T15 and associated components
for NPN transistors. In this case, how-
ever, the transistors T13 and T14 which
pass on a voltage drop at the anode of
D11 are not a Darlington pair but a
complementary PNP-NPN-pair.

If a transistor is plugged into the wrong
test socket (PNP into an NPN socket or
vice versa), the base-to-collector path be-
comes equivalent to a forward-connected
diode, and the display is the same as for
a transistor with a base-collector short.
The transistor will not be damaged, and
it is clearly a good thing, when one
shows up unexpectedly as ‘faulty’, to
check whether it has been plugged into
the wrong holes!

Breakdown Voltage Test

The sockets for this test are T¢ and Tp,
shown in figure 2c. The effective break-
down test voltage is about 20 V, and if a
breakdown current flows the voltage
at ‘A’ is pulled down continuously,
resulting in LED ‘A’ blinking and
LED ‘B’ staying on throughout the
cycle. For a transistor which passes this
test, LED ‘A’ blinks and LED ‘B’ stays
off all the time (figure 5).

Diode Tests

By plugging the anode and cathode leads
of a diode into the emitter and collector
sockets of the PNP test points (or the
other way round with the NPN test
points) it can be tested for forward con-
duction, leakage and breakdown voltage.
When the fast oscillator is off, the
junction of the diode cathode and the
collector of T10 will be held positive
by the conduction of the diode, and if
the conduction is good enough, this
junction will remain positive when T10
is turned on (through ‘Y’) by the fast
oscillator. When T10 is turned off the
junction will still be positive. This leads
to a display cycle in which LED ‘A’
blinks and LED ‘B’ stays on continuous-
ly (figure 6).

When the diode is non-conducting, open-
circuited or connected the wrong way
round, the junction of TI10 collector
and the cathode (or anode) will remain
negative throughout the oscillator cycle,
giving a LED display in which ‘A’ blinks
and ‘B’ remains off. When a diode is
deliberately connected the wrong way
round, this display gives an indication
(if the diode is a good one) that it is
blocking properly in the reverse direc-
tion. If a diode is short-circuited or is
leaking severely, it will give the same
display, when plugged in the wrong way
round, as a good diode connected the
correct way round. It is just possible,
however, that it is a good diode plugged
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T2,T3,T5,T6,T7,T10,T12,T13,T16 =

BC237B or equ.
T11 = BC239C or equ.
T14 = BC179C or equ. Unstabilised supply Stabilised supply with IC
D1.. D17 =BAX13, BY126, BY127, Tr=18 V/100 mA Tr =20 V/100 mA

1N4002, or other general-purpose C6 = 1000 u/25 V C5=100 u/35 VvV

silicon diodes C6=10u/35V

2 x LEDs IC = uMA78M18HC or equ.




026 — Book 75

tup-tun tester

10

ELEK TORRIVIE NNl TESTER

GOOD TRANSISTOR

. pnp< npn
leo > 1WA
CB or CE ~ ,

|
)

N

o' <100

vas-i

o|o|e|e

Ccs
> 20 pF
cce” <P

~|-

NV
e

1=10)

{Ic°> 10 4A, o' < 100

Ccb
Cee > 20 pF

S

S
@)
/A
AL/
Q
S

lco> 10 A
o <50

N

o] 11§

s

@ |ee0

Ay

1ol

\ 1/
/:‘\

NI

N
’:I\

I/
,\O/

EPS 9076-2

NV
:\

/1

O

9076 10

Figure 10. Front panel design for the tester.
This panel is available via the Elektor print
service, with black lettering on an aluminium-
coloured background, as a self-adhesive label.

in the correct way round, i.e. that one
has mistakenly connected it this way
instead of reversing the connections. So
it is important to make tests in both
polarities if ambiguities are to be
avoided.

If a diode which leaks moderately is
plugged in the wrong way round, the
leakage current may be enough to hold
the anode of D10 positive while T10
is turned off, but not while T10 is
turned on. This will give a display in
which both LEDs appear to be on con-
tinuously — the same as for a transistor
which is both leaky and low in current
gain.

General

Figure 3 summarises the LED indications
when the fast oscillator is on or off, and
for different potentials at the anode of
DI0 in the main PNP testing section.
The difference between this figure and
table 1 is that the table is based on the

fast oscillator and point ‘A’, which is
common to the main testing circuits and
to the breakdown voltage testing circuit.
The relationship between the potential
at the anode of D10 and the potential
at ‘A’ when the main PNP testing section
is in use is that a high potential at the
anode of D10 produces a low potential
at ‘A’ and vice versa. Figures 4, 5 and 6
summarise the meanings of the possible
LED indications for various tests. Fig-
ure 4 is, of course, derived from figure 3.
The front panel design (figure 10) sum-
marises all three figures.

Construction and testing

Unless one has access to an independent
means of testing the transistors and
diodes, these should be ones which carry
the manufacturers’ warranty. Resistors
should have 5% tolerance.

Figure 9 shows the p.c. board and the
component layout for the complete
tester (with the exception of the mains
transformer). It should be noted that
the emitter and collector connections to
the test sockets appear to be inter-
changed, but when the sockets are
mounted on the copper side of the board

the connections will be correct. This
facilitates the mounting of the board
flush under the top panel, without the
other components getting in the way.
As it is not possible to give meaningful
voltage or current test values for individ-
ual transistors, which might help to local-
ise mistakes or faults, the construction
should be checked very carefully. Even
if one does not intend to use the optional
LED ‘C’, one of the LEDs which will
ultimately serve as ‘A’ or ‘B’ can be
‘borrowed’ at the constructional stage
to serve temporarily as ‘C’ and thus give
a check whether the slow oscillator (T2
and T3) and also T4 is working. The
actual value of the nominally 680 £ re-
sistor in series with ‘C’ is not critical. If
the temporary ‘C’ is seen to blink at
about the right rate, test number 1 of
figure 7 will show whether T8 is also
working. Test number 2 will show
whether T7, T9, T11 and T12 are work-
ing if the short is put into test socket Tp,
and T7, T9, T13 and T14 with the short
in test socket Tg.

To check the complete PNP and NPN
testing sections, including the breakdown
voltage test, one will need spare PNP
and NPN transistors known to be sound,
in addition to those used in building the
tester. Only a transistor with normal
current gain, or with a particular com-
bination of faults, can produce a display
in which LED ‘B’ blinks.

Once the two good transistors have been
seen to give the display for test number 3
of figure 7, the more refined test num-
ber 4, which simulates the effect of
excessive capacitance, can be applied. A
22 pF capacitor should be enough to
make LED ‘A’ black out altogether, but
it may be of interest to experiment with
different lower capacitor values to find
what value of capacitor is just low enough
to allow the waveform at the junction
of Tp and T10 to extend below the
critical level (about 10 V) and cause
LED ‘A’ to blink dimly, as shown in
figure 3e,.

The emitter-base junction of a transistor
forms a diode with a reverse breakdown
voltage of about 5 V, so one of the tran-
sistors used in the foregoing checks can
also be used to check the breakdown
voltage testing section (figure 7; num-
ber 5). One must make sure that it is
connected the right (or is it the wrong?)
way round.

Power Supplies

Three different possibilities are offered
for a mains power supply unit (figure 8):
a simple unstabilised unit, a stabilised
unit with the stabilisation circuit built
up from three discrete components, or a
stabilised unit using an IC. The unstabil-
ised unit uses a transformer with an 18 V
secondary — which may sometimes be
difficult to obtain — and a 1000 u capaci-
tor. If either of the stabilisation circuits
is used, the capacitor can be much
smaller. The 20 V transformer used in
these circuits should be more readily
obtainable.

The transistor or IC should have a heat-
sink.





